obJective At present, endoscopic treatment is advised as the first procedure in cases of suprasellar arachnoid cysts (SSCs) with hydrocephalus. However, the appropriate therapy for SSCs without hydrocephalus has not been fully determined yet because such cases are very rare and because it is usually difficult to perform the neuroendoscopic procedure in patients without ventriculomegaly given difficulties with ventricular cannulation and the narrow foramen of Monro. The purpose of this study was to find out the value of navigation-guided neuroendoscopic ventriculocystocisternostomy (VCC) for SSCs without lateral ventriculomegaly. MethoDs Five consecutive patients with SSC without hydrocephalus were surgically treated using endoscopic fenestration (VCC) guided by navigation between March 2014 and November 2015. The surgical technique, success rate, and patient outcomes were assessed and compared with those from hydrocephalic patients managed in a similar fashion. resUlts The small ventricles were successfully cannulated using navigational tracking, and the VCC was accomplished in all patients. There were no operative complications related to the endoscopic procedure. In all patients the SSC decreased in size and symptoms improved postoperatively (mean follow-up 10.4 months). conclUsions Endoscopic VCC can be performed as an effective, safe, and simple treatment option by using intraoperative image-based neuronavigation in SSC patients without hydrocephalus. The image-guided neuroendoscopic procedure improved the accuracy of the endoscopic approach and minimized brain trauma. The absence of hydrocephalus in patients with SSC may not be a contraindication to endoscopic treatment. longer a contraindication to intraventricular endoscopic surgery. 12, 15, 24, 26 To describe the usefulness and therapeutic effect of endoscopic surgery guided by neuronavigation, we present our experience with 5 SSCs without hydrocephalus that were treated with endoscopic VCC at our hospital.
S upraSellar cysts (SSCs) are benign developmental collections of CSF and constitute approximately 9% of all arachnoid cysts. 22 Their presence in utero and their high prevalence in children who have no history of trauma support the assumption that they are congenital. 8, 19, 20 For patients with SSC who have hydrocephalus, many authors advise endoscopic surgery as the primary treatment. 1, [3] [4] [5] 7, 9, 17, 27 Until now, reported SSCs have numbered about 300 cases. 1, [3] [4] [5] 7, 9, 17, 27 But only 3 cases of SSC without hydrocephalus have been documented in the literature (Table 1). 1, 9, 17 One among those cases had no symptoms and did not need an operation. Another case was treated using open fenestration. And in the third case, the author did not mention whether the operation was performed. The small number of cases has prevented studies of SSCs without hydrocephalus, which makes the choice of treatment less clear.
Logically, one would expect that in the absence of hydrocephalus, the success of endoscopic ventricular access and cyst fenestration would be reduced because of the difficulty with ventricular cannulation and intraventricular navigation. Further, the morbidity of such procedures may also be influenced by the degree of ventriculomegaly. However, with the recent development of neuroendoscopy coupled with a navigational system, a small ventricle is no abbreviations CSF = cerebrospinal fluid; ICP = intracranial pressure; SSC = suprasellar cyst; VC = ventriculocystostomy; VCC = ventriculocystocisternostomy. sUbMitteD November 27, 2015 . accePteD April 5, 2016 . longer a contraindication to intraventricular endoscopic surgery. 12, 15, 24, 26 To describe the usefulness and therapeutic effect of endoscopic surgery guided by neuronavigation, we present our experience with 5 SSCs without hydrocephalus that were treated with endoscopic VCC at our hospital.
Methods study Population
The hospital records of 5 SSC patients who had been treated in our department were reviewed (Table 2) . Magnetic resonance imaging was performed for all patients before the operation. Computed tomography scans for all the patients were obtained on the day of surgery. Magnetic resonance imaging was also performed in the 1st postoperative week and at 3 and 12 months after surgery during the follow-up period. The MRI features of the 5 cases before operation included 1) cystic masses occupying the suprasellar cistern with an MRI signal intensity similar to CSF on all sequences; 2) marked dilation of the third ventricles on axial imaging, though lateral ventricles were not dilated; and 3) sagittal T1-weighted MR images of the SSCs demonstrated the 3 diagnostic features of displacement of the pituitary stalk and optic chiasm upwards and forward, displacement of the mammillary bodies upwards and backward, and effacement of the ventral pons (Figs. 1-5).
operative technique
All surgical procedures were performed with the patient under general anesthesia, who was positioned in the neutral supine position with the head elevated about 20°. We used a rigid endoscope guided by an electromagnetic neuronavigational system (Medtronic S7). After image acquisition, facial surface match registration was performed. After a 5-cm arc scalp incision was made, a 10-mm bur hole about 3 cm lateral to the midline and 1 cm anterior to the coronal suture was created. Once the dura mater was opened, a 0° straightforward rigid neuroendoscope was used to cannulate the lateral ventricle guided by neuronavigation. In all procedures, the navigational system guided the surgeons precisely into the narrow ventricles. After identifying the main anatomical landmarks, including the choroid plexus, fornix, and veins, the endoscope was advanced to the foramen of Monro (Figs. 1A, 2A and B, 3A, 4A, and 5A). Continuous irrigation was then used to inflate the narrow foramen of Monro. A constant purge was used throughout the procedure to avoid over-insufflating the ventricular system and elevating the intracranial pressure (ICP) by maintaining patency of a portal separate from the working channel. After the endoscope moved through or near the foramen of Monro, the apical dome of the SCC could be seen (Figs. 1B-D, 2A and B, and 3B). First, small blood vessels on the cyst wall were obliterated using a bipolar coagulator. Then, the cyst wall was resected as much as possible by using scissors to make a large fenestration in its apical membrane (Figs. 1E, 2C , 3C, 4B, and 5B). This completed the ventriculocystomy procedure.
To perform the cystocisternostomy, the endoscope was advanced into the cyst, allowing visual inspection of the displaced cisternal contents (Figs. 2D and E, 3D, and 5C). After inspection, the endoscope was further advanced to the basal cyst membrane, where a cyst-basal cistern fenestration was performed anterior to the basilar artery to complete the VCC. A slit valve-like structure formed by an arachnoid membrane around the basilar artery was noticed in 2 (40%) of 5 patients at the basal cyst membrane (Figs. 1F and 3E). The slit valve opened and closed synchronously with arterial pulsation. For these cases, the slit valve-like arachnoid membrane around the basilar artery was first widened from the slit valve into a fenestration by using scissors to make a cystocisternostomy, which would allow communication between the cyst and basal cistern, 
results
The patient follow-up ranged from 3 to 18 months. There were no perioperative or postoperative complications. When the signs and symptoms improved, postoperative MRI demonstrated that the cysts had shrunk, the optic apparatus and mammillary bodies reoriented to a more horizontal position, and pontine deformation improved, the endoscopic procedure was considered to be successful. None of the patients had symptoms of hypothalamic-pituitary functional disorder before or after surgery. Neither did laboratory tests find any abnormity of hypothalamicpituitary function before or after surgery. In the follow-up period, the symptoms of all 5 patients disappeared and the growth and development of the children were normal. The follow-up MRI showed a significant reduction of the cyst size and the mass effect in all cases (Figs. 1-5 ).
Discussion
In our previous study, 9 we found that most patients with SSCs at diagnosis are younger than 5 years old and that different age groups have different main clinical presentations. In infants, the main presenting clinical symptoms were macrocrania and motor deficits. In children and adolescents, the main presenting symptoms were elevated ICP, endocrine dysfunction, and reduced visual field or acuity. In adults, the main presenting symptom was elevated ICP. These age-related findings should be useful in the clinical setting for the diagnosis of SSCs. 
surgical indications
There is controversy about whether large but asymptomatic SSCs require surgery and which symptoms indicate that surgery is needed.
With regard to asymptomatic SSCs, regardless of their size, if they do not evolve, they do not need treatment. We found one case of SSC that spontaneously disappeared during follow-up, and other authors have also reported that SSCs may disappear spontaneously. 14, 18 Most of the cysts found during the prenatal period decreased in size, disappeared completely, or stabilized without associated clinical deficits during follow-up. 1, 8 Therefore, a conservative approach should be chosen if a child with a cyst has no symptoms, is neurologically intact, and undergoes close clinical and radiological observation. 1, 10, 23 Surgery is indicated by progressive enlargement of the cyst even if a patient is asymptomatic.
With regard to symptomatic SSCs, in our previous series, 9 symptoms of elevated ICP, motor deficits, head bobbing, and reduced visual field or acuity all improved in patients who had undergone surgery, which was successful, although endocrine disorders and gaze disturbance never resolved. In the present study, the symptoms (including elevated ICP, motor deficits, reduced visual acuity, and seizures) in all 5 patients also disappeared during the follow-up period. Our finding that gaze disturbance did not regress following treatment is consistent with findings by Erşahin et al., who found that endoscopic treatment of SCCs failed to improve bilateral sixth nerve palsy in one patient. 5 Five patients in our previous study had new endocrine dysfunction during postoperative follow-up despite successful surgery. This observation has also been reported by other authors. 1, 23 Head bobbing also improved in all 6 (100%) affected patients after surgery in our previous study. 9 The other 3 cases that have been reported in the literature on patients with bobble-head syndrome, who have been successfully treated with endoscopic surgery for SCCs, provided additional evidence that head bobbing is an indication for surgery. 6, 11 In addition, it is a common observation that behavioral difficulties and mental retardation never regress postoperatively.
1 Therefore, we argue that surgical indications should include signs of elevated ICP (including increased head circumference), motor deficits, head bobbing, and reduced visual field or acuity. Contraindications to surgery include isolated endocrine dysfunction, behavioral difficulties, mental retardation, or gaze disturbance.
choice of surgical Procedure
Suprasellar cysts can be divided into 2 types: with hydrocephalus or without hydrocephalus. It is very rare to see a patient with an SCC who does not have hydrocephalus.
The therapeutic goals in cases of SSCs with symptoms are to remove the mass effect from these cysts by resection, fenestration, or shunting of the cyst and to relieve the hydrocephalus. A direct approach to the cyst for microsurgical excision or fenestration is rather invasive because of the deep location of these cysts. 13, 16, 21, 25 The common problems with any shunting procedure, such as shunt malfunction, infection, and shunt dependency, are also well known. Moreover, the success rate of the ventriculoperitoneal shunt as a definitive treatment for SSCs is reported to be only 10%. Recently, advances in endoscopy have raised endoscopic fenestration to the initial surgical procedure in the management of SSCs with hydrocephalus at the present time, and the procedure has been demonstrated to be safe and effective. 1, 5, 7, 9, 25 However, endoscopic surgery for patients without hydrocephalus is usually avoided because of the purported difficulty with ventricular cannulation and intraventricular navigation. Crimmins et al. believe that with the advances in microsurgical techniques, open marsupialization of the cyst into the basal cisterns is a more effective solution that should be preferred to shunt insertion and endoscopic treatment for the patients without hydrocephalus. 1 In the present series, we found that endoscopic surgery guided by neuronavigation in the 5 SSC patients without hydrocephalus was effective and safe. Given the current results and our previous experience with the endoscopic treatment of SCCs with hydrocephalus, 9 we think that endoscopic fenestration should be the first choice for the SSC patients without hydrocephalus.
There are presently 3 types of endoscopic surgical procedures for the treatment of SCCs: 1) ventriculocystostomy (VC), whose goal is to establish communication between the cyst cavity and the ventricles; 2) VCC, whose goal is to open the cyst into both the ventricles and the cisterns; and 3) VC followed by enough coagulation (shrinkage) of the cysts. 2 We chose VCC because it was more frequently effective than VC. 1, 7, 9 
endoscopic techniques
Usually, more anatomical structures can be seen and the endoscopic procedures are more easy to perform in cases of SCCs with hydrocephalus because the space is big enough for movement of the endoscope and instruments (Fig. 6) . Compared with conditions in ventriculomegaly in SCCs with hydrocephalus, the narrow space and small foramen of Monro in cases of SCCs without hydrocephalus limit movement and operative procedures of the rigid neuroendoscopy after the endoscope gains access to the ventricle; therefore, movement of the endoscope and surgical instruments should be smaller and gentler to avoid contusion of surrounding structures, such as the foramen of Monro and the wall of the ventricles, and continuous irrigation is often needed to inflate the narrow foramen of Monro for the endoscope to access the third ventricle. We fenestrate the apical dome of the SCC by resecting the freefloating wall of the cyst in the third ventricle with scissors and never dissect any cyst wall attached to the wall of the third ventricle. The free-floating cyst wall in the ventricle is large enough to fenestrate the apical dome of the SCC. The use of bipolar coagulation should be avoided on the basal membrane close to the abducens nerves when performing the fenestration on the basal cyst wall.
A limitation of this study is its short follow-up time. A long-term follow-up is needed to better assess the functionality of the endoscopic procedures in the treatment of SCCs without hydrocephalus.
conclusions
The absence of hydrocephalus in patients with SCCs may not serve as a contraindication to endoscopic treatment. Endoscopic VCC guided by neuronavigation can also be effective and safe and should be considered as the first surgical procedure in SSC patients without hydrocephalus.
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